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GENE EXPRESSION CASSETTE CONTAINING NON-CODING SEQUENCE OF GROWTH HORMONE GENE 

FIELD OF THE INVENTION 

The present invention relates to a gene expression 
cassette which enables expression of cDNA sequences in 
5 animal cells. The expression cassette of the present 
invention is particularly useful in achieving highr level 
expression of bacterial and/or plant genes in animal cells. 

BACKGROUND OF THE INVENTION 

It is now possible to transfer unique pieces of DNA 

10 between organisms in such a way that the transferred 
material becomes a functional part of the genetic 
information of the recipient organisms . The animals that 
are produced by this technique are termed "transgenic". 
One application of this technology is to transfer 

15 biochemical pathways from bacteria to domestic animals in 
order to increase animal productivity. One difficulty 
which is frequently encountered in efforts to produce such 
transgenic animals is the lack, or very low levels of 
expression of the transferred DNA sequences. 

20 The present inventors have developed a genetic 

expression cassette which provides information for the 
expression of heterologous genes, in particular bacterial 
genes, in mammalian cells and in several-. tissues of 
transgenic animals, at levels that provide ready detection 

25 of the encoded polypeptides. 

The expression cassette consists of two components : - 
a regulatory element and a non-coding sequence from the 
growth hormone gene. 

SUMMARY OF TH E PRESENT INVENTION 

30 Accordingly, in a first aspect the present invention 

consists in a genetic expression cassette for use in 
obtaining expression of a cDNA sequence in animal cells, 
the cassette comprising an inducible promoter and the 3 ' 
non-coding sequence of exon 5 of the growth hormone gene 

35 or a portion thereof, the cDNA sequence being positioned 
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between the inducible promoter and the 3' non-coding 
sequence of exon 5 of the growth hormone gene. 

in a preferred embodiment of the present invention 
the inducible promoter is the immediate upstream 
5 nucleotide sequence of the sheep metallothionein-Ia gene. 
The expression cassette of the present invention 
provides a means for the expression of a wide range of 
genes in transgenic animals, including the coding 
sequences of bacterial enzymes, plant chitinases, 
10 insecticidal scorpion venom toxin and the insecticidal 
protein of the bacteria Bacillus tfrnrinqj.ensjs . In a 
preferred embodiment of the present invention the cDNA 
sequence is selected from the group consisting of cysE_, 
cvsK , aceA and aceB genes of Esc herichia coli and the 
15 coding sequences of plant chitinases. 

in, yet a further preferred embodiment of the present 
invention the genetic expression cassette has a sequence 
substantially as shown in Figure 1. 

The expression cassette of the present invention is 
20 useful in obtaining high levels of expression of cDNA 
sequences in animal cells. Accordingly, in a second 
aspect the present invention consists in a non-human 
animal including the genetic expression cassette of the 
first aspect of the present invention. 
25 in a preferred embodiment of this aspect the animal 

is ovine or bovine. 

r^TT.gn nRSCRIP TTOM OP THE INVENTION 

In order that the nature of the present invention may 
be more clearly understood, preferred forms thereof will 
30 now be described with reference to the. following examples 
and figures in which: - 

Figure 1 shows the nucleotide sequence of the 
expression cassette of the present invention; 
Figure 2 shows the sequence of MTCE10; 
35 Figure 3 shows the sequence of MTCK7; 
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Figure 4 shows the sequence of MTCEK1; 

Figure 5 shows the sequence of MTAceA2; 

Figure 6 shows the sequence of MTAceB2; 

Figure 7 shows the sequence of MTAceABll; and 
5 Figure 8 shows levels of radio label led cysteine in 

transgenic mice containing- MTCEK1 ( ) and in control 

mice ( ) . The arrow shows the position of cysteic 

acid. 

Initially, a number of gene arrangements for 
10 expression of the cvsK gene in murine L-cells were 

trialled. The trialled constructs were as follows :- 

pMTCK7 - sheep metallothionein-Ia gene promoter - 
cvsK - exon 5 of sheep growth hormone. 

pMTCK8 - sheep metallothionein-Ia promoter - exon 1 
15 sheep growth hormone - cysK - exon 5 sheep growth hormone. 

pMTCKll - sheep metallothionein-Ia promoter - cvsK - 
whole sheep growth hormone. 

pMTCK12 - sheep metallothionein-Ia - exon 1 sheep 
growth hormone - cysK - exons 2, 3, 4 and 5 sheep growth 
2 0 hormone . 

The constructs were trans fected into murine L-cells 
and the O-acetylserine sulfhydrylase activity of the 
trans fected cells measured. The results, obtained are set 
out in Table 1. 

25 

TABLE 1 

O-Acetvlserine Sulf hvdrvlase Activity in Transfected 
Murine L-CeUs Using Various cysK genes 



Gene Enzyme Activity 

30 (nMoles cysteine produced/mg protein/30 min) 
pMTCK7 1350 ± 24 

pMTCK8 510+13 
pMTCKll 162 + 17 

PMTCK12 159+6 



35 (values represent the means of two determinations) 



WO 92/18635 



PCT/AU92/00164 



- 4 - 



As can seen from these results exon 5 of the growth 
hormone gene of sheep is required for optimum expression 
of genes inserted into the cassette. Other combinations 
which comprise larger portions of the sheep growth hormone 
5 gene are less effective in providing expression. 

Two examples of the function of the expression 
cassette are shown as follows: 

1. Re pression r,f the c v sE and cvsK genes of E. coli in 
j-rans genic animals 

10 In order to provide a pathway for the biosynthesis of 

the amino acid cysteine, the coding sequences for the 
bacterial enzymes serine trans acety la se and o-acetylserine 
sulfhydrylase have been inserted into the expression 
cassette. 

15 Three genes are described. Genes 1 and 2 each encode 

single bacterial proteins, gene 1 encoding the protein 
serine transacetylase and gene 2 encoding the protein 
O-acetylserine sulfhydrylase. Gene 3 is a compound gene 
constructed from gene 1 and gene 2 f and encodes both the 

20 serine transacetylase protein and the o-acetylserine 
sulfhydrylase protein. 

The expression cassette of the present invention was 
produced using methods well known in the -art. Briefly 
this involves the steps of: 

25 1. Isolation and cloning of the sheep metallothionein- la 
promoter sequence. 

2. Isolation and modification of the bacterial coding 
sequence and fusion to the bacterial coding sequence. 

3. Fusion of exon 5 of the sheep growth hormone gene to 
the metallothionein promoter /bacterial coding sequence 
complex. 



30 
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In order to provide further details on construction 
of the cassette the procedure followed in construction of 
MTCE10 was as follows: 
Step 1. 

5 A bacterial plasmid containing the sheep 

metallothionein-Ia gene was digested with the restriction 
enzymes Eco RI and BamHl and a DNA fragment encoding the 
promoter region of the gene separated by agarose gel 
electrophoresis and cloned in the plasmid vector pUC8. 
10 Step 2. 

The coding sequence and associated 5 ' and 3 ■ DNA 
encompassing the cysE gene of Escherichia coil was cloned 
in the plasmid vector pGEM3 as an Eco Rl fragment excised 
from a lambda transducing phage containing portion of the 

15 E . coil chromosome . Sub-fragments of this insert were then 
cloned into the bacteriophage Ml 3 and the clones 
encompassing the bacterial initiation codon and the 
bacterial stop codon were used for site-directed 
mutagenesis to introduce a Bam HI site at the 5 ' end of 

20 the coding sequence and a Sau 3A site at the 3* end of the 
gene. The mutagenesis was carried out on single-strand 
DNA by conventional procedures and the resulting modified 
DNA used to replace the corresponding DNA fragments in the 
insert of the original pGEM3 clone. A Bam HI - Sau 3A 

25 fragment of DNA was then excised from this plasmid and 
inserted into a similarly digested sample of the plasmid 
. containing the metallothionein-Ia sequence. 
Step 3. 

The plasmid containing the metallothionein-Ia 
30 promoter- csvE coding sequence was digested with Pvu II 

(adjacent to the introduced Sau 3A site) and to this was 
ligated a blunt-ended Pst 1 DNA fragment isolated from the 
sheep growth hormone gene and encompassing exon 5. 
Plasmids containing the correct orientation of the growth 
35 hormone sequence were identified by restriction enzyme 
mapping. 
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GENE DETAILS 

Gene 1 (MTCE10) 

This gene consists of the sheep metallothionein-Ia 
gene promoter sequence joined to the coding sequence of 
5 the Escherichia coli cysE gene at a unique BamHl 

restriction enzyme site* This sequence was then joined to 
the 3 ' sequence of exon 5 of the sheep growth hormone 
gene. Minor sequence modification in the vicinity of the 
initiation and stop codons of the bacterial cysE gene were 

10 made by site-directed mutagenesis using synthetic 

oligonucleotides. The metallothionein promoter replaces 
all regulatory sequences located 5 ' to the cysE gene 
coding sequence, and the growth hormone exon 5 sequence 
replaces all untranslated sequences located 3 1 to the cysE 

15 gene coding sequence. The gene is approximately 3580 base 
pairs in length, of which 2827 nucleotides have been 
sequenced. The sequence of gene 1 is shown in Figure 2. 
Gene 2 (MTCK7) 

This* gene consists of the sheep metallothionein- 1 a 
20 gene promoter sequence joined to the coding sequence of 
the Escherichia coli cysE gene at a unique Sal 1 
restriction enzyme site. This sequence was then joined to 
the 3 ' sequence of exon 5 of the sheep growth hormone 
gene. Minor sequence modification of the cysK gene in the 
25 vicinity of the initiation codon was made by site-directed 
mutagenesis using a synthetic oligonucleotide. The 
metallothionein promoter replaces all regulatory sequences 
located 5' to the cysK coding sequence, and the sheep 
growth hormone exon 5 replaces all untranslated sequence 
30 located 3' to the cysK coding sequence. The size of the 
gene is approximately 3750 base pairs in length, of which 
2957 base pairs have been sequenced. The sequence of gene 
2 is shown in Figure 3. 
Gene 3 (MTCEK1) 

35 This gene consists of a fusion of genes 1 and 2 to 
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create a single DNA sequence that encodes both the serine 
transacetylase and the O-acetylserine sulf hydrylase 
enzymes. Each coding sequence is separately regulated by 
its own adjacent sheep metallothionein-Ia gene promoter 
5 sequence, and each coding sequence is separately followed 
by the 3 * sequence of exon 5 of the sheep growth hormone 
gene. The gene is approximately 7550 base pairs in size, 
of which 5784 nucleotides have been sequenced. The 
sequence of gene 3 is shown in Figure 4 . 

10 Example 2. The expression o£ the q&yoxylate cycle in 

transgenic animals 

In order to provide the enzymes needed for the 
operation of the glyoxylate cycle in transgenic animals, 
the E. coli genes encoding the enzymes isocitrate lyase 

15 and malate synthase have been inserted into the expression 
cassette:. 

Three genes are described. Genes 1 and 2 each encode 
single bacterial proteins, gene 1 encoding the protein 
isocitrate lyase and gene 2 encoding the protein malate 

20 synthase. Gene 3 is a compound gene constructed from gene 
1 and gene 2, and encodes both the isocitrate lyase and 
the malate synthase proteins . 
GEflE PETALS 

Gene 4 (HTAceA2) 

25 This gene consists of the sheep metallothionein-Ia 

gene promoter sequence joined to the coding sequence of 
the Escherichia coli aceA gene at a unique BamHl 
restriction enzyme site. This sequence was then joined to 
the 3 ' sequence of exon 5 of the sheep growth hormone 

30 gene. Minor sequence modification in the vicinity of the 
initiation and stop codons of the bacterial aceA gene were 
made by site-directed mutagenesis using synthetic 
oligonucleotides . The metallothionein promoter replaces 
all regulatory sequences located 5 ' to the aceA gene 

35 coding sequence, and the growth hormone exon 5 sequence 
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replaces all untranslated sequences located 3 • to the aceA 
gene coding sequence. The gene is approximately 3580 base 
pairs in length, of which 2827 nucleotides have been 
sequenced. The sequence of gene 4 is shown in Figure 5. 
5 Gene 5 (HTAceB2) 

This gene consists of the sheep metallothionein-Ia 
gene promoter sequence joined to the coding sequence of 
the CQli SSSB g^e at a unique Sal 1 

restriction enzyme site. This sequence was then joined to 

10 the 3' sequence of exon 5 of the sheep growth hormone 

gene. Minor sequence modification of the assB gene in the 
vicinity of the initiation codon was made by site-directed 
mutagenesis using a synthetic oligonucleotide. The 
metallothionein promoter replaces all regulatory sequences 

15 located 5' to the acefi coding sequence, and the sheep 

growth hormone exon 5 sequence replaces all untranslated 
sequence located 3' to the acefi coding sequence. The size 
of the gene is approximately 3750 base pairs in length, of 
which 2957 base pairs have been sequenced. The sequence 

20 of gene 5 is shown in figure 6. 
Gene 6 (HTAceABl) 

This gene consists of a fusion of genes 1 and 2 to 
create a single DNA sequence that encodes both the 
isocitrate lyase and the malate synthase enzymes. Each 

25 coding sequence is separately regulated by its own 

adjacent sheep metallothionein-Ia gene promoter sequence, 
and each coding sequence is separately followed by the 3- 
sequence of exon 5 of the sheep growth hormone gene. The 
gene is approximately 7550 base pairs in size, of which 

30 5784 nucleotides have been sequenced. The sequence of 
gene 6 is shown in Figure 7. 
RBSPT .&TTnW OF THE GEHES, 

Regulation in Cultured Cells 

Genes 1 to 6 have been transfected into mouse L-cells 
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in culture to produce stably transformed cell lines. The 
expression of each gene was measured by: 

1. Northern blot analysis of extracted RNA. 

2 . Enzyme assay of cell extracts . 

5 An RNA transcript of the expected size was detected 

in RNA extracted from each cell line, using a probe 
specific for the appropriate coding sequence of each 
gene. The intensity of the hybridisation increased when 
cells were grown in a medium containing 10 uM zinc 

10 sulphate, indicating that the genes were regulated by 
heavy metals. 

The results of enzyme assays of cell extracts from 
each of the transformed cell lines are shown in Table 1 
(genes 1-3) and Table 4 (genes 4,5). High levels of 

15 activity of serine transacetylase, O- acetyl serine 

sulfhydrylase, isocitrate lyase and malate synthase were 
measured in the appropriate cell extracts, and the enzyme 
levels were increased when cells were grown in 
zinc-supplemented growth media. 

20 Cell extracts prepared from cells containing the 

fusion gene MTCEK1 contained both serine transacetylase 
and O-acetylserine sulfhydrylase enzyme activities, 
indicating that both coding sequences within the fusion 
gene were transcribed and translated. Furthermore, when 

25 extracts from this cell line were incubated with the 
substrates serine and H 2 S, substantial quantities of 
cysteine were produced, evidence that the entire 
biochemical pathway is operational in these cells . 
Similarly, cell extracts prepared from the cells 

30 containing the fusion gene MTAceABl contained both 

isocitrate lyase and malate synthase enzyme activities, 
indicating that both coding sequences within the fusion 
gene were transcribed and translated. 
Expression in Transgenic Mice 

35 Genes 1 to 6 were each transferred to transgenic mice 



SUBSTITUTE SHEET 
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by the technique of single-cell embryo pronuclear 
microinjection. Mice containing the new genes were 
analyzed for expression by extracting mRNA and preparing 
cell-free supematants from various tissues including 
5 liver, kidney and intestine. As shown in Tables 3 and 5, 
high levels of activity of the various enzymes were 
detected in appropriate transgenic mice. Furthermore, the 
expression of the genes in the intestinal tissues was 
highly z inc -dependent . 
10 TABLE 2 

Expression of MTCE10 and MTCK7 in transformed mouse L-cells 
P-T P-™ Tr^ Mflfltirlase n-acetyl serine . 

c^i-Fhydrvlase 
-Zn +Zn 
0 0 

38 1367 
1082 7790 





cells 


-Zn 


+Zn 


15 


control 


0 


0 




MTCE10 ;. 


1281 


2706 




MTCK7 








MTCEK1 


120 


360 


20 


Values " are 


nmoles product 
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TABLE 3 

Activity of serine trans acetylase (SAT) and O-acetylserine 
sulphydrylase (OAS) in tissue extracts prepared from 
transgenic mice. CK7-26 contains the gene pMTCK7, CE10-29 
5 contains pMTCElO and CEKl-28 and CEK1-8 contains pMTCEKl. 
Specific activity is measured as nmoles substrate utilised 
(SAT) or product formed (OAS/30 min/mg protein. 



MOUSE LJNE. 


ORGAE 


SAT 


OAS 


CK7-26 


Intestine 




206 




Kidney 




352 




Liver 




13 


CE10-29 


Intestine 


6,546 






Kidney 


0 






Liver 


0 




CEKl-28 


Intestine 


1,161 


2,797 




Kidney 


0 


24 




Liver 


0 


3 




Brain 


16 


86 


CEK1-8 


Intestine 


4,522 


12,778 




Kidney 


105 


128 




Liver 


9 


3 




Brain 


0 


245 






0 


158 




Skin 


0 


329 






6 


295 
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In order to assess the ability of transgenic mice 
containing the pMTCEKl gene to produce cysteine, 
transgenic mice including this gene and control mice were 
given 25 mM ZnS0 4 in their drinking water for a minimum 
of four days. On the day of the experiment the ZnS0 4 
was relaced with normal drinking water and 60 min. later 
30 - 60 uCi of Na 35 S was administered per os . 



The 



mice were sacrificed 60 min. later and intestinal tissue 
homogenised in a buffered aqueous solution containing lOmM 

10 dithiothreitol. Two volumes of performic acid were then 
added and the solution left at room temperature 
overnight. The suspension was then extracted with 
chloroform/methanol by conventional means and the aqueous 
layer concentrated by evaporation. Aliquots of the 

15 solution were then placed on Whatman 3mm filter paper and 
subjected to electrophoresis in a solution of 
pyridine: acetic acid:H 2 0 (10:100:900, pH3.6) at a 
voltage of 200 Volts for 2 nr. The paper was the cut into 
0.5 cm strips and radioactivity counted in a scintillation 

20 counter under standard conditions. The results are shown 
in Figure 8. As can be seen from these results the 
transgenic mice were able to synthesise radiolabeled 
cysteine from the administered sodium sulphide in contrast 
to the control mice. 

25 TABLE 4 

Expression of MTAceA2 and MTAceB2 in transformed mouse 
L-cells 

cell line isocitrate lyase malate synthase 

control 0 0 

30 MTAceA2 68 

MTAceB2 - 34 " 3 

Values are nmoles product /mg protein/ 20 min 
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10 



15 



TABLE 5 

Expression of MTAceABl in transgenic mice 



Mouse 
control 



Tsocitrate Lyase 
not detectable 
not detectable 
not detectable 

27.2 
not detectable 
not detectable 
Values of isocitrate lyase are nmoles product/mg 
protein/20 min, and for malate synthase are picomoles 



Tissue 
intestine 
liver 
kidney 
MTAceABl intestine 
liver 
kidney 



M»1ata Synthase 
not detectable 
not detectable 
not detectable 

ND 

182 
1.6 



) 



" —2 
product/mg protein/20 min (x 10 

It will be appreciated by persons - skilled in -the art 
that numerous variations and/or modifications may be made 
to the invention as shown in the specific embodiments 
without departing from the spirit or scope of the 
invention as broadly described. The present embodiments 
are, therefore, to be considered in all respects as 
illustrative and not restrictive. 
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1 A genetic expression cassette for use in obtaining 
expression of a cDNX sequence in animal cells, the 
cassette comprising an inducible promoter and the 3 
non-coding sequence of exon 5 of the growth hormone gene 
or a portion thereof, the cDNX sequence being positioned 
between the inducible promoter and the 3 ■ non-coding 
sequence of exon 5 of the growth hormone gene. 

2 a genetic expression cassette as claimed in claim 1 
in which the inducible promoter is the immediate upstream 
nucleotide sfcquence of the sheep metallothionein-Ia gene. 

3 a genetic expression cassette as claimed xn claim 1 
or claim* 2 in which the cD*X codes for a bacterial ensyme, 
plant chitinase, insecticidal scorpion vermon toxin or the 

15 insecticidal protein of B as iUttfl tpnrinqiepsls . 

4 A genetic expression cassette as claxmed in claim 3 
in which the cDNA sequence is selected from the group 
consisting of cysj:, cys£, ficeA and aceS genes of 
^rtericHa coll. , . 

20 s. A genetic expression cassette as claxmed xn claxm 1 
in which the expression cassette has a sequence 
substantially as shown in Figure 1. 

6 A transgenic non-human animal including the genetxc 
expression cassette as claimed in any one of claims 1 to 5. 
25 7 . X transgenic non-human animal as claimed xn claxm 6 
in which the animal is ovine or bovine. 
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FIG. 1 1/2 

SEQUENCE OF THE EXPRESSION CASSETTE 
1 metal lothione in promoter 

gaattcaaagaggaaaagrtgatgaaacaaggcttggcacagactccctggtatgtaattc 

tcaggactattcaaagggaaatacccactgtcttacttcgttattggatgccagctctgc 
121 

ccatcacttacaaggatgcttttcctagggggcatcctatgactagggaacctccatcct 
181 

ggagccgggtggactggctaggcagtggattccctggcccattcatctattcagtcgtgg 
241 

agaatgtaaggaaggctgggcgacagaaggctgagttcgctgctgggctgttacaggaga 

aactagagactctgttcaaagtccagggtgggggctgtgggaggaaatattagggaagcg 
361 

gggttcgggggataggtggtgaagctcacatccatcacgggtctctgcacacgacacagg 
421 

ggctccagccaagcctgggatgtgagcacgaggctcggattgcgcatgagctctgggaaa 
481 * ' 

gggtgaaagcaaagacaagagttgcgggggcagggaagactgcgaggactcagggactgg 
541 

gttcccgtaaacaccgatgactgcccacattgtggaaagctgggaaggggcgggcaggaa 
601 

tcctggagcgctacttgtcattcgggacaaagtccctccgcgttgggggcgagtaggggg 
661 

acggaggcgtttcggtgcgcacggagcccagccgcgttccgggaatcttgcgctcggccg 
721 

cqccrtggtgctcaccgcccgacccgggtgcagcgggcagctcgggtgcaggcgggggcag 
7 81 metallothionein cap site * 

accctctgcgcccggcccgcctcctgtgggtataatagcgctcggctcctgggctccaac 

acgcctcccaccggaccagtggatccaca INSERT GENE IN THIS POSITION 
910 growth hormone exon 5 

tgtcctgtgatctaatgtcctgtgatcccgctgcgccttctagttgcca 
960 

gccatctgctgttacccctccctgtgccttcctagaccctggaaggtgccactccagtgc 

ccaccgtcctttcttaataaagcggaggaaattgcatcacattgtctgagtaggtgtcat 
1080 

tctattctagggggtggggtcgggcaggatagcgagggggaggattgggaagacaatagc 

aggggtgctgtgggctctatgggtacccaggtgctgaataattgacccggttcctcctgg 

ggcagaaagaagcaggcacatccccttctctgtgacacacccggtcctcgcccctggtcc 

ttagttccagccccactcataggacactcacagctcaggagggctccgccttcaatccca 
1320 

cccgctaaagtgcttggagcggtctctccctctcagccaccagccgaatctaggcctcca 
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FIG . 1 2/2 



ga^tgggaagaatttaagcaagacaggctatgaagtacagagggagagaaaatgcctcca 

acatgtgaggaagtgatgagagaaagcgtagaattagttttgtggcataaattttaaggt 

^Ictacacacttggcccaactacccttgggaaatgtgtgtgtgttagtcactcagttgtg 

tccagctctttgtgaccccacggactgtggctgccaggctcctctgtccatgggattctc 

caJSgcaagaatactggagggggttgccattccccaggggatcttcccagcccaaggatc 

aai^ccgagtttctgcattgcaggcagattctttactctctgagccaticagggaagccct: 

^tgggaaatgggaaccatgcaagaatggctttgggaccaataggaccagaatgtttggga 

tctgaactgggtcaagagatgtggaagagagattctaaatgcatgtgttcatgctaagtg 

gcttcagtegtgtcctactatttgcaaccccgatgaactgcagccaceaggctcctctgl: 
1920 

catgggattctccattcaagaatactggagtgagtttccttcctccccaggggatctcca 
1980 

aacccagggattgaccaggatctcttgtatctcctggcacttgacaggcaaatctctcac 
cactagcgccactggacccagtctaag—unseguenced region 
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SEQUENCE OF THE MTCE10 GENE 

1 metal lothionein promoter . ^ 

gaattcaaagaggaaaagtgatgaaacaaggcttggcacagactccctggtatgtaattc 

tcaggactattcaaagggaaatacccactgtcttacttcgttattggatgccagctctgc 
121 

ccatcacttacaaggatgcttttcctagggggcatcctatgactagggaacctccatcct 

ggagccgggtggactggctaggcagtggattccctggcccattcatctattcagtcgtgg 
241 

agaatgtaaggaaggctgggcgacagaaggctgagttcgctgctgggctgttacaggaga 

lactagagactctgttcaaagtccagggtgggggctgtgggaggaaatattagggaagcg 
361 

gggttcgggggataggtggtgaagctcacatccatcacgggtctctgcacacgacacagg 
421 

ggctccagccaagcctgggatgtgagcacgaggctcggattgcgcatgagctctgggaaa 

g^gtgaaagcaaagacaagagttgcgggggcagggaagactgcgaggactcagggactgg 
541 

gttcccgtaaacaccgatgactgcccacattgtggaaagctgggaaggggcgggcaggaa 
601 

tcctggagcgctacttgtcattcgggacaaagtccctccgcgttgggggcgagtaggggg 

acggaggcgtttcggtgcgcacggagcccagccgcgttccgggaatcttgcgctcggccg 
721 

cqcotqCTtgctcaccgcccgacccgggtgcagcgggcagctcgggtgcaggcgggggcag 
^v^t w * metal lothionein cap site * 

accctctgcgcccggcccgcctcctgtgggtataatagcgctcggctcctgggctccaac 

84 t ~" bacterial cysE gene 

MetSerCysGluGluLeuGluIleValTrpA 
acgcctcccaccggaccagtggatccacaATGTCGTGTGASGAACTGGAAATTGTCTGGA 

901 . _ « 



901 

snAsnIleLysAlaGl\aAlaArgThrLeuAlaAspCysGluProMetLeuAlaSerPheT 

ac^atattaIagccgaagccagaacgctggcggactgtgagccaatgctggccagttttt 

961 , . m ^ T 




snLysLeuSerSerProIleMetProAlalleAlalleArgGluValValGluGluAlaT 

acaagctgtcatcgccaattatgcctgctattgctatccgtgaagtggtggaagaagcct 

1081 . . M nV_» 




1141 

rgAspProAlaVa^spLysTyrSerThrProLeuLeiiT^^ 

gcgacccggcagtcgataaatactcaaccccgttgttatacctgaagggtttt<^tgcct 

euGlnAlaTyrArglleGlyHisTrpLeuT^ 

TGCAGGCCTATCGCATCGGTCACTGGTTGTGGAATCAGGGGCGTCGCGCACTGGCAATCT 
126 1 

heLeuGlnAsnGlnValSerValThrPheGlnValAspIleHisProAlaAlaLysIleG 
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TTCTGCAAAACCAGGTTTCTGTGACGTTCCAGGTCGATATTCACCCGGCAGCAAAAATTG 
1321 

lyArgGlylleMetLeuAspHisAlaThrGlylleValValGlyGluThrAlaVallleG 
GTCGCGGTATCATGCTTGACCACGCGACAGGCATCGTCGTTGGTGAAACGGCGGTGATTG 

1381 

luAsnAspValSerlleLeuGlnSerValThrLeuGlyGlyThi^lyLysSerGlyGlyA 
AAAACGACGTATCGATTCTGCAATCTGTGACGCTTGGCGGTACGGGTAAATCTGGTGGTG 

1441 

spArgHisProLysIleArgGluGlyValMetlleGlyAlaGlyAlaLyslleLeuGlyA 
ACCGTCACCCGAAAATTCGTGAAGGTGTGATGATTGGCGCGGGCGCGAAAATCCTCGGCA 

1501 

snlleGluValGlyArgGlyAlaLysIleGlyAlaGlySerValValLeuGlnProValP 
ATATTGAAGTTGGGCGCGGCGCGAAGATTGGCGCAGGTTCCGTGGTGCTGCAACCGGTGC 

1561 

roProHisThrThrAlaAlaGlyValProAlaArglleValGlyLysProAspSerAspL 
CGCCGCATACCACCGCCGCTGGCGTTCCGGCTCGTATTGTCGGTAAACCAGACAGCGATA 

1621 r " 

ysProSerMetAspMetAspGlnHisPheAsnGlylleAsnHisThrPheGluTyrGlyA 
AGCCATCAATGGATATGGACCAGCATTTCAACGGTATTAACCATACATTTGAGTATGGGG 

1681 

spGlylle*** growth hormone exon 5 

ATGGGATCTAAtgtcctgtgatctaatgtcctgtgatcccgctgcgccttctagttgcca 
1741 

gccatctgctgttacccctccctgtgccttcctagaccctggaaggtgccactccagtgc 
1801 

ccaccg^cctttcttaataaagcggaggaaattgcatcaca-ttgtctgagtaggtgtcat 
1861 

tctattctagggggtggggtcgggcaggatagcgagggggaggattgggaagacaatagc 

aggggrtgctgtgggctctatgggtacccaggtgctgaataattgacccggttcctcctgg 
1981 

ggcagaaagaagcaggcacatccccttctctgtgacacacccggtcctcgcccctggtcc 
2041 

ttagttccagccccactcataggacactcacagctcaggagggctccgccttcaatccca 

cccgctaaagtgcttggagcggtctctccctctcagccaccagccgaatctaggcctcca 

gagtgggaagaatttaagcaagacaggctatgaagtacagagggagagaaaatgcctcca 
2221 

acatgtgaggaagtgatgagagaaagcgtagaattagttttgl:ggcataaatt;tt:aaggt 
2281 

gactacacacttggcccaactacccttgggaaatgtgtgtgtgttagtcactcagttgtg 
2341 

tccagctctttgtgaccccacggactgtggctgccaggcticctctgtccatgggattctc 
2401 

cagggcaagaatactggagggggttgccattccccaggggatcttcccagcccaaggatc 
2461 

aaacccgagtttctgcattgcaggcagattctttactctctgagccatcagggaagccct 
2521 

gtgggaaatgggaaccatgcaagaatggctttgggaccaataggaccagaatgtttggga 
2581 

tctgaactgggtcaagagatgtggaagagagattctaaatgcatgtgttcatgctaagtg 
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gcttcagtcgtgtcctactatttgcaaccccgatgaactgcagccaccaggctcctctgrt 
2701 

catgggattctccattcaagaatactggagtgagtttccttcctccccaggggatctcca 

aacccagggattgaccaggatctcttgtatctcctggcacttgacaggcaaatctctcac 
2821 

cactagcgccactggacccagtctaag — unsequenced region 



WO 92/18635 PCT/AU92/00164 



6/25 
FIG. 3 1/3 

SEQUENCE OF THE MTCK7 GENE 

1 metallothionein promoter 
gaattcaaagaggaaaagtgatgaaacaaggcttggcacagactccctggtatgtaattc 

tcaggactattcaaagggaaatacccactgtcttacttcgttattggatgccagctctgc 

ccatcacttacaaggatgcttttcctagggggcatcctatgactagggaacctccatcct 

gglgccgggtggactggctaggcagtggattccctggcccattcatctattcagtcgtgg 

allatgtaaggaaggctgggcgacagaaggctgagttcgctgctgggctgttacaggaga 
301 

aactagagactctgttcaaagtccagggtgggggctgtgggaggaaatattagggaagcg 

gg^tcgggggataggtggtgaagctcacatccatcacgggtctctgcacacgacaoagg 
421 

ggctccagccaagcctgggatgtgagcacgaggctcggattgcgcatgagctctgggaaa 

gg^tgaaagcaaagacaagagttgcgggggcagggaagactgcgaggactcagggactgg 

gttcccgtaaacaccgatgactgcccacattgtggaaagctgggaaggggcgggcaggaa 

tcctggagcgctacttgtcattcgggacaaagtccctccgcgttgggggcgagtaggggg 

acggaggcgtttcggtgcgcacggagcccagccgcgttccgggaatcttgcgctcggccg 
721 

cg^ggtgctoaccgcccgacccgggtgcag^^ 

accctctgcgcccggcccgcctcctgtgggtataatagcgctcggctcctgggctccaac 

oii bacterial cysK gene 

MetSerLysIlePheGluAspAsnSer 
acgcctcccaccggaccagtggatccgtcgaccATGAGTAACATTTTTGAAGATAACTCG 

^^^^^^^^^^^^^ 

LeukrMetProGluTlurMetSerlleGluArgArgLysLe^^ 

CTGACCATGCCAGAAACCATGAGTATTGAACGCCGCAAGCTGCTGAAAGCGTTAGGTGCA 

isnLeuValMuThrGluGlyAlaLysGlyMetLysGlyAlalleGlnLysAlaGluGlu 
^^TGGTGCTGACGGAAGGTGCTAAAGGCATGAAAGGCGCAATCCAAAAAGCAGAAGAA 
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^sss^sssssxssssssssssesssssss 

^SSSSSSSSSSBSSSSSBSiesSSBSSSSSBSS- 

1441 
LysG 
AAAG 



tttaccaaS^gaatattgtggttattctaccatcatcgggtgagcgttatttaagcacc 



pheThrAsnLysAsnlleVa] 
TTTAC 

AlaieuPheAlaAspLeuPheThrGluLysGluLeuGlnGln*** growth hormone 
GcSTGTTTGCOTATCTCTTCACTGAGAAAGAATTGCAACAGTAAtggccagctgcgcct 

"tagttgccagccatctgotgttacccctccctgtgcctttfctagaccctggaaggtgc 

cactccagtgcccaccgtcctttcttaataaagcggaggaaattgcatcaoattgtctga 

gtlggtgtcattctattctagggggtggggtcgggcaggatagcgagggggaggattggg 

aagicaatagcaggggtgctgtgggctctatgggtacccaggtgctgaataattgacccg 

l^cctcctggggcagaaagaagcaggcacatcccettctctgngacacacccggtcctc 

gcccctggtccttagttccagccccactcataggacactcacagetcaggagggctccgc 

"tcaatcccacccgctaaagtgcttggagcggtctctccctctcagcoaccagccgaat 

7281 

ctaggcctccagagtgggaagaatttaagcaagacaggctatgaagtacagagggagaga 
aiatgcctccaacatgtgaggaagtgatgagagaaagcgtagaattagttttgtggcata 
alttttaaggtgactacacacttggcccaactacccttgggaaatgtgtgtgtgttagtc 
actcagttgtgtccagctctttgtgaccccacggactgtggctgccaggctcctctgtcc 
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2521 

atgggattctccagggcaagaatactggagggggttgccattccccaggggatcttccca 
2581 

gcccaaggatcaaacccgagtttctgcattgcaggcagattctttactctctgagccatc 
2641 

agggaagccctgtgggaaatgggaaccatgcaagaatggctttgggaccaataggaccag 
2701 

aatgtttgggatctgaactgggtcaagagatgtggaagagagattctaaatgcatgtgtt 
2761 

c at gc t aagt ggc ttc agt c gt gt cc tac tattt gcaacccc gat gaactgc age caeca 
2821 

ggctcctctgtcatgggattctccattcaagaatactggagtgagtttccttcctcccca 
2881 

ggggatctccaaacccagggattgaccaggatctcttgtatctcctggcacttgacaggc 
2941 

aaatctctcaccactagcgccactggacccagtctaag unsequenced region 
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SEQUENCE OF THE MTCEK1 GENE 
1 metal lothionein promoter 

atcatcgatcaggcagaattcaaagaggaaaagtgatgaaacaaggcttggcacagactc 

cctggtatgtaattctcaggactattcaaagggaaatacccactgtcttacttcgttatt 

ggitgccagctctgcccatcacttacaaggatgcttttcctagggggcatcctktgacta 

g^gaacctccatcctggagccgggtggactggctaggcagtggattccctggcccattca 
241 

tctattcagtcgtggagaatgtaaggaaggctgggcgacagaaggctgagttcgctgctg 

ggctgttacaggagaaactagagactctgttcaaagtccagggtgggggctgtgggagga 
361 

aatattagggaagcggggttcgggggataggtggtgaagctcacatccatcacgggtctc 
421 

tgcacacgacacaggggctccagccaagcctgggatgtgagcacgaggctcggattgcgc 
481 

atgagctctgggaaagggtgaaagcaaagacaagagttgcgggggcagggaagactgcga 
541 

ggactcagggactgggttcccgtaaacaccgatgactgcccacattgtggaaagctggga 
aggggcgggcaggaatcctggagcgctacttgtcattcgggacaaagtccctccgcgttg 
ggggcgagtagggggacggaggcgtttcggtgcgcacggagcccagccgcgttccgggaa 
tcttgcgctcggccgcgcgtggtgctcaccgcccgacccgggtgcagcgggcagctcggg 

tgcaggcgggggcagaccctctgcgcccggcccg^ 

841 *" 

genS * metallothionein cap site - MetSerCysGluGluL 

ctcctgggctccaacacgcctcccaccggaccagtggatccacaATGTCGTGTGAAGAAC 

901 

euGluIleValTrpAsnAsnIleLysAlaGluAlaArgThrI.e\iAlaAspCysGluProM 
etLuAlaSerPheTyrHisAlaThrLeuLeuLysHi^^ 

tgctggccagtttttaccacgcgacgctactc^gcacgaaaaccttggcagtgcactga 
g^Stcc^cgaacaa^^ 

a lValGluGluAlaTyrAlaAlaAspProGliiMetIleAlaSerAlaAlaCysAspIleG 
TGGTGGAAGAAGCCTACGCCGCTGACCCGGAAATGATCGCCTCTGCGGCCTGTGATATTC 

1141 

vsGlvPheHisAlaLeuGlnAlaTyrArglleGlyHisTrpLeuTrpAsnGlnGlyArgA 
AGGGTTTTCATGCCTTGCAGGCCTATCGCATCGGTCACTGGTTGTGGAATCAGGGGCGTC 
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1441 



GTAAATC 

fesaffiasasssssaBassasfisssafi 

1621 



1681 

hrPheGluTvrGlvAspGlylle*** growth hormone exon 5 

gccttctagttgccagccatctgctgttacccctccctgtgccttcctagaccctggaag 

gtgccactccagtgcccaccgtcctttcttaataaagcggaggaaattgcatcacattgt 

ctgagtaggtgtcattctattctagggggtggggtcgggcaggatagcgagggggaggat 

tgggaagacaatagcaggggtgctgtgggctctatgggtacccaggtgctgaataattga 

occggttcctcctggggoagaaagaagcaggcacatccccttctctgtgacacacccggt 

cctcgcccctggtccttagttccagccccactcataggacactcacagctcaggagggct 

ccgccttcaateccacccgctaaagtgcttggagcggtctctccctctcagccaccagcc 

gaitctaggcctccagagtgggaagaatttaagcaagacaggctatgaagtacagaggga 

gagLaatgcctccaacatgtgaggaagtgatgagagaaagcgtagaattagttttgtgg 

catLattttaaggtgactacacacttggcccaactacccttgggaaatgtgtgtgtgtt 

ag^cactcagttgtgtccagctctttgtgaccccacggactgtggctgccaggctcctct 

gtccatgggattctccagggcaagaatactggagggggttgccattccccaggggatctt 

cccagcccaaggatcaaacccgagtttctgcattgcaggcagattctttactctctgagc 

catcagggaagccctgtgggaaatgggaaccatgcaagaatggctttgggaccaatagga 
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2 581 

ccagaatgtttgggatctgaactgggtcaagagatgtggaagagagattctaaatgcatg 

t^ttcatgctaagtggcttcagtcgtgtcctactatttgcaaccccgatgaactgcaggc 

2701 metallothionein promoter 

atgcaagcttcagatcatcgatgaattcaaagaggaaaagtgatgaaacaaggcttggca 

clgactccctggtatgtaattctcaggactattcaaagggaaatacccactgtcttactt 

cgttattggatgccagctctgcccatcacttacaaggatgcttttcctagggggcatcct 
2881 

atgactagggaacctccatcctggagccgggtggactggctaggcagtggattccctggc 
ccattcatctattcagtcgtggagaatgtaaggaaggctgggcgacagaaggctgagttc 
Ictgctgggctgttacaggagaaactagagactctgttcaaagtccagggtgggggctgt 
Jggiggaaatattagggaagcggggttcgggggataggtggtgaagctcacatccatcac 
gglictctgcacacgacacaggggctccagccaagcctgggatgtgagcacgaggctcgg 
ittgcgcatgagctctgggaaagggtgaaagcaaagacaagagttgcgggggcagggaag 
3241 

actgcgaggactcagggactgggttcccgtaaacaccgatgactgcccacattgtggaaa 
gctgggaaggggcgggcaggaatcctggagcgctacttgtcattcgggacaaagtccctc 
cgc^ttgggggcgagtagggggacggaggcgtittcggtgcgcacggagcccagccgcgtt 

3421 

ccgggaatcttgcgctcggccgcgcgtggtgctcaccgcccgacccgggtgcagcgggca 

gctcgggtgcaggcgggggcagaccctctgcg^ 

3541 * metallothionein cap site 

cgctcggctcctgggctccaacacgcctcccaccggaccagtggatccgtcgaccATGAG 



3601 
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sLeiLeuLysAlaLeuGlyAlaAsnLeuValLeuThrGluGlyAlaLysGlylletLysGl 
GCTGCTGAAAGCGTTAGGTGCAAACCTGGTGCTGACGGAAGGTGCTAAAGGCATGAAAGG 

3961 

vAlalleGlnLysAlaGluGluIleValAlaSerAsnProGliiLysTyrLeuLeuLeuGl 
CGCAATCCAAAAAGCAGAAGAAATTGTCGCCAGCAATCCAGAGAAATACCTGCTGCTGCA 

nGl^heSerAsnProAlaAsnProGluIleHisGliiLysThrThrGlyProGXuIleTr 
ACAATTCAGCAATCCGGCAAACCCTGAAATTCACGAAAAGACCACCGGTCCGGAGATATG 

^GliAspThrAspGlyGlnValAspValPhelleAlaGlyValGlyThrGlyGlyThrTr 
GGAAGATACCGACGGTCAGGTTGATGTATTTATTGCTGGCGTTGGGACTGGCGGTACGTG 

414 1 

pThrGlyValThrProTyrlleLysGlyThrLysGlyLysThxAspLeuIleSerValAl 
GACTGGCGTCACGCCCTACATTAAAGGCACCAAAGGCAAGACCGATCTTATCTCTGTCGC 

aValGluProThrAspSerProValIleAlaGlnAlaI,euAlaGlyGluGluIleLysPr 
CGTTGAGCCAACCGATTCTCCAGTTATCGCCCAGGCGCTGGCAGGTGAAGAGATTAAACC 

4261 

oGlyProHisLysIleGlnGlylleGlyAlaGlyPhelleProAlaAsnLeuAspLeuLy 
TGGCCCGCATAAAATTCAGGGTATTGGCGCTGGTTTTATCCCGGCTAACCTCGATCTCAA 

4321 

sLeuValAspLysVallleGlylleThrAsnGluGluAlalleSerThrAlaArgArgLe 
GCTGGTCGATAAAGTCATTGGCATCACCAATGAAGAAGCGATTTCTACCGCGCGTCGTCT 

uMetGluGluGluGlyllelieuAlaGlylleSerSerGlyAlaAlaValAlaAlaAlaLe 
GATGGAAGAAGAAGGTATTCTTGCAGGTATCTCTTCTGGAGCAGCTGTTGCCGCGGCGTT 

4441 

uLysLeuGlnGluAspGluSerPheThrAsnLysAsnlleValVallleLeuProSerSe 
GAAACTACAAGAAGATGAAAGCTTOACCAACAAGAATATTGTGGTTATTCTACCATCATC 

MlyGluArgTyrLeuSerThrAlaLeuPheAlaAspLeuPheThrGltiLysGluLeuGl 
GGGTGAGCGTTATTTAAGCACCGCATTGTTTGCCGATCTCTTCACTGAGAAAGAATTGCA 

4561 

nGln*** growth hormone axon 5 

ACAGTAAtggccagctgcgccttctagttgccagccatctgctgttacccctccctgtgc 
4621 

cttcctagaccctggaaggtgccactccagtgcccaccgtcctttcttaataaagcggag 
4681 

gaaattgcatcacattgtctgagtaggtgtcattctattctagggggtiggggtcgggcag 
4741 

gatagcgagggggaggattgggaagacaatagcaggggtgctgtgggctctatgggtacc 
4801 

caggtgctgaataattgacccggttcctcctggggcagaaagaagcaggcacatcccctt 
4861 

ctctgtgacacacccggtcctcgcccctggtccttagttccagccccactcataggacac 
4921 

tcacagctcaggagggctccgccttcaatcccacccgctaaagtgcttggagcggtctct 
4981 

ccctctcagccaccagccgaatctaggcctccagagtgggaagaatttaagcaagacagg 
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ctatgaagtacagagggagagaaaatgcctccaacatgtgaggaagtgatgagagaaagc 

^agaattagttttgtggcataaattttaaggtgactacacacttggcccaactaccctt 

gglaaatgtgtgtigtgttagtcactcagttgtgtccagctictttgtgaccccacggactg 

tggctgccaggctcctctgtccatgggattctccagggcaagaatactggagggggttgc 
528 X 

cattccccaggggatcttcccagcccaaggatcaaacccgagtttctgcattgcaggcag 
5341 

attctttactctctgagccatcagggaagccctgtgggaaatgggaaccatgcaagaatg 

Ictttgggaccaataggaccagaatgtttgggatctgaactgggtcaagagatgtggaag 

agigattctaaatgcatgtgttcatgctaagtggcttcagtcgtgtcctactatttgcaa 
5521 

ccccgatgaactgcaggcatgcaagcttcagctgc 
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SEQUENCE OF THE MTAceA2 GENE 

1 metallothionein promoter 
gaattcaaagaggaaaag^gatgaaacaaggcttggcacagactccctggtatgtaattc 

tciggactattcaaagggaaatacccactgtcttacttcgttattggatgccagctctgc 
121 

ccatcacttacaaggatgcttttcctagggggcatcctatgactagggaacctccatcct 

ggagccgggtggactggctaggcagtggattccctggcccattcatctattcagtcgtgg 

agaatgtaaggaaggctgggcgacagaaggctgagttcgctgctgggctgttacaggaga 

aictagagactctgttcaaagtccagggtgggggctgtgggaggaaatattagggaagcg 

gg^ttcgggggataggtggngaagctcacatccatcacgggtctctgcacacgacacagg 
421 

ggctccagccaagcctgggatgtgagcacgaggctcggattgcgcatgagctctgggaaa 
481 

gggtgaaagcaaagacaagagttgcgggggcagggaagactgcgaggactcagggactgg 

gttcccgtaaacaccgatgactgcccacattgtggaaagctgggaaggggcgggcaggaa 

tcctggagcgctacttgtcattcgggacaaagtccctccgcgttgggggcgagtaggggg 
661 

acggaggcgtttcggtgcgcacggagcccagccgcgttccgggaatcttgcgctcggccg 

721 • ■ 

cqcgtggtgctcaccgcccgacccgggtgcagcgggcagctcgggtgcaggcgggggcag 

781 " metallothionein cap site * 

accctctgcgcccggcccgcctcctgtgggtataatagcgctcggctcctgggctccaac 

841 ' bacterial ace A sequence 

MetLysThrArgThrGlnG 

acgcctcccaccggaccagtggatcctctagagtcatcaccATGAAAACCCGTACACAAC 
901 

InlleGluGluLeuGliiLysGluTrpThrGliiP^^ 

A^TTGAAGAATTACAGAAAGAGTGGACTCAACCGCGTTGGGAAGGCATTACTCGCCCAT 

vrSerAlaGluAspValValLysLeuArgGlySerValAsnProGluCysThrLeuAlaG 
ACAGTGCGG^ 

ln^uGlyAlaAiaLysMetTrpArgLeuI^^ 

AACTGGGCGCAGCGAAAATGTGGCGTCTGCTGCACGGTGAGTCGAAAAAAGGCTACATCA 
1141 

laValTyrLeuSerGlyTrpGlnValAlaAlaAspAlaAsnLeuAlaAlaSerMetTyrP 
CAGTCTATCTGTCGGGATGGCAGGTAGCGGCGGACGCTAACCTGGCGGCCAGCATGTATC 

roAspGlnSerLeuTyrProAlaAsnSerValProAlaValValGluArglleAsnAsnT 
CGGATCAGTCGCTCTATCCGGCAAACTCGGTGCCAGCTGTGGTGGAGCGGATCAACAACA 
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1321 

yrValAspTyrPheLetiProIleValAlaAspAlaGliiAlaGlyP^lyGl^alLej^ 
ATGTCGAOTACTTCCTGCCGATCGTTGCCGATGCGGAAGCCGGTTTTGGCGGTGTCCTGA 

1381 

snAlaPheGluLeuMetLysAlaMetlleGluAlaGlyAlaAlaAlaValHisPheGluA 
ATGCCTTTGAACTCATGAAAGCGATGATTGAAGCCGGTGCAGCGGCAGTTCACTTCGAAG 

spGlnLeuAlaSerValLysLysCysGlyHisMe^^ 

ATCAGCTGGCGTCAGTGAAGAAATGCGGTCACATGGGCGGCAAAGTTTTAGTGCCAACTC 
lnGluAlalleGlnLysLeuValAlaAlaAr^^ 

AGGAAGCTATTCAGAAACTGGTCGCGGCGCGTCTGGCAGCTGACGTGACGGGCGTTCCAA 

hrLLLeuValAlaArgThrAspAlaAspAlaAlaAspLeuIleThrSerAsp^sAspP 
CCCTGCTGGTTGCCCGTACCGATGCTGATGCGGCGGATCTGATCACCTCCGATTGCGACC 

1621 

roTyrAspSerGluPhelleThrGlyGluArgThrSerGluGlyPhePheArgThrHisA 
CGTATGACAGCGAATTTATTACCGGCGAGCGTACCAGTGAAGGCTTCTTCCGTACTCATG 

laGlylleGluGlnAlalleSerArgGlyLeuAla^^^ 

CGGGCATTGAGCT^AGCGATCAGCCGTGGCCTGGCGTATGCGCCATATGCTGACCTGGTCT 
1741 

ggtctga^StcS^ 

laLvsTvrProGlyLysLeiiLeuAlaTyrAsnCysSerProSerPheAsnTrpGlr^ 
cgaaatatccgggcaaactgctgk^^ 

186 1 

snLexxAspAspLysThrlleAlaSerPheGlnGlnGlnLeuSerAspMetGlyTyrLysP 
ACCTCGACGACAAAACTATTGCCAGCTTCCAGC^GCAGCTGTCGGATATGGGC 

192 1 

heGlnPhelleThrLeuAlaGlylleHisSerMetTrpPheAsnMetPheAspLeuAlaA 

TC^OTTCATCA^ 
1981 

snAlaTyrAlaGlnGlyGluGlyMetLysHisTyrValGluLysValGlnGlnProGluP 
l^CcScCCA^CG^^ 

hetlaAlaAlaLysAspGlyTyrThrPheValSerH^ 

OTGC^CCGCGAAAGATGGCTATACCTTCGTATCTCACCAGCAGGAAGTGGGTACAGGTT 

^PheAspLysValThrThrllelleGlnGlyGlyAspValPheSerHis^gAlaAspA 
ACTTCGATAAAGTGACGACTATTATTCAGGGCGGCGACGTCTTCAGTCACCGCGCTGACC 
2161 * ! growth hormone exon 5 

rgLeuHis*** 

GGCTCCACTGAagaatcgcagttctaatttgacctgcgccttctagttgccagccatctg 
2221 

ctgttacccctccctgtgccttcctagaccctggaaggtgccactccagtgcccaccgtc 
2281 

ctttcttaataaagcggaggaaattgcatcacattgtctgagtaggtgtcattctattct 
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2341 

agggggtggggtcgggcaggatagcgagggggaggattgggaagacaatagcaggggtgc 
2401 

tgtgggctctatgggtacccaggtgctgaataattgacccggttcctcctggggcagaaa 

gaagcaggcacatccccttctctgtgacacacccggtcctcgcccctggtccttagttcc 
2521 

agccccactcataggacactcacagctcaggagggctccgccttcaatcccacccgctaa 
2581 

agtgcttggagcggtctctccctctcagccaccagccgaatctaggcctccagagtggga 
2641 

agaatttaagcaagacaggctatgaagtacagagggagagaaaatgcctccaacatgtga 
2701 

ggaagtgatgagagaaagcgtagaattagttttgtggcataaattttaaggtgactacac 
2761 

acttggcccaactacccttgggaaatgtgtgtgtgttagtcactcagttgtgtccagctc 
2821 v 

tttgtgaccccacggactgtggctgccaggctcctctgtccatgggattctccagggcaa 
2881 

gaatactggagggggttgccattccccaggggatcttcccagcccaaggatcaaacccga 
2941 

gtttctgcattgcaggcagattctttactctctgagccatcagggaagccctgtgggaaa 
3001 

tgggaaccatgcaagaatggctttgggaccaataggaccagaatgtttgggatctgaact 

gggtcaagagatgtggaagagagattctaaatgcatgtgttcatgctaagtggcttcagt 
3121 

cgtgtcctactatttgcaaccccgatgaactgcag 



WO 92/18635 PCT/AU92/00164 



17/25 
FIG. 6 1/3 

SEQUENCE OF THE MTAceB2 GENE 

1 metallothionein promoter 
gaattcaaagaggaaaagtgatgaaacaaggcttggcacagactccctggtatgtaattc 

tcaggactattcaaagggaaatacccactgtcttacttcgttattggatgccagctctgc 
121 

ccatcacttacaaggatgcttttcctagggggcatcctatgactagggaacctccatcct 
18 1 

ggagccgggtggactggctaggcagtggattccctggcccattcatctattcagtcgtgg 
241 

agaatgtaaggaaggctgggcgacagaaggctgagttcgctgctgggctgttacaggaga 
301 

aactagagactctgttcaaagtccagggtgggggctgtgggaggaaatattagggaagcg 
361 

gggttcgggggataggtggtgaagctcacatccatcacgggtctctgcacacgacacagg 
421 

ggctccagccaagcctgggatgtgagcacgaggctcggattgcgcatgagctctgggaaa 
481 

gggtgaaagcaaagacaagagttgcgggggcagggaagactgcgaggactcagggactgg 
541 

gttcccgtaaacaccgatgactgcccacattgtggaaagctgggaaggggcgggcaggaa 
601 

tcctggagcgctacttgtcattcgggacaaagtccctccgcgttgggggcgagtaggggg 
661 

acggaggcgtttcggtgcgcacggagcccagccgcgttccgggaatcttgcgctcggccg 
721 

cgcgtggtgctcaccgcccgacccgggtgcagcgggcagctcgggtgcaggcgggggcag 

781 metallothionein cap site * 

accctctgcgcccggcccgcctcctgtgggtataatagcgctcggctcctgggctccaac 

841 bacterial aceB sequence 

MetThrGluGlnAlaThrT 

acgcctcccaccggaccagtggatcctctagagtcatcacc^TGACTGAACAGGCAACAA 
901 

hrThrAspGluLeuAlaPheThrArgProTyxGlyGluGlnGluLysGlnlleLeuThrA 
CAACCGATCAACTGGCTTTCACAAGGCCGTATGGCGAGCAGGAGAAGCAAATTCTTACTG 

961 

laGluAlaValGluPheLeuThrGluLeuValThrHisPheThrProGlnArgAsnliysIi 
CCGAAGCGGTAGAATTTCTGACTGAGCTGGTGACGCATTTTACGCCACAACGCAATAAAC 

euLeuAlaAlaArglleGlnGlnGlnGlnAspIleAspAsnGlyThrLeuProAspPhel 
TTCTGGCAGCGCGCATTCAGCAGCAGCAAGATATTGATAACGGAACGTTGCCTGATTTTA 

leSerGluThrAlaSerlleArgAspAlaAspT^ 

TTTCGGAAACAGCTTCCATTCGCGATGCTGATTGGAAAATTCGCGGGATTCCTGCGGACT 
1141 

euGluAspArgArgValGluIleThrGlyProValGluArgLysMetVallleAsnAlaL 
TAGAAGACCGCCGCGTAGAGATAACTGGCCCGGTAGAGCGCAAGATGGTGATCAACGCGC 

euAsnAlaAsnValLysValPheMetAlaAspPheGluAspSerLeuAlaProAspTrpA 
TCAACGCCAATGTGAAAGTCTTTATGGCCGATTTCGAAGATTCACTGGCACCAGACTGGA 
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1261 

snLysVallleAspGlyGlnlleAsnLeuArgAspAlaValAsnGlyThi-IleSerTyrT 
ACAAAGTGATCGACGGGCAAATTAACCTGCGTGATGCGGTTAACGGCACCATCAGTTACA 
1321 

hrAsnGluAlaGlyLys IleTyrGlnLeuLysProAsnProAlaValLeuI leCys AxgV 
CCAATGAAGCAGGCAAAATTTACCAGCTCAAGCCCAATCCAGCGGTTTTGATTTGTCGGG 
1381 

alArgGlyLeuHisLeuProGluIiysHisValThrTrpArgGlyGluAlalleProGlyS 
TACGCGGTCTGCACTTGCCGGAAAAACATGTCACCTGGCGTGGTGAGGCAATCCCCGGCA 
1441 

erLeuPheAspPheAlaLeuTyrPhePheHisAsnTyrGlnAlaLeuLeuAlaLysGlyS 
GCCTGTTTGATTTTGCGCTCTATTTCTTCCACAACTATCAGGCACTGTTGGCAAAGGGCA 
1501 

erGlyProTyrPheTyrlieuProLysThrGlnSerTrpGlnGliiAlaAlaTrpTrpSerG 
GTGGTCCCTATTTCTATCTGCCGAAAACCCAGTCCTGGCAGGAAGCGGCCTGGTGGAGCG 
1561 

luValPheSerTyrAlaGliiAspArgPheAsnLeuProArgGlyThrlleLysAlaThrL 
AAGTCTTCAGCTATGCAGAAGATCGCTTTAATCTGCCGCGCGGCACCATCAAGGCGACGT 
1621 

euIieuIleGluThrLeuProAlaValPheGlnMetAspGluIleLeuHisAlaLeviArgA 
TGCTGATTGAAACGCTGCCCGCCGTGTTCCAGATGGATGAAATCCTTCACGCGCTGCGTG 
1681 

spHisIleValGlyLeuAsnCysGlyArgTrpAspTyrllePheSerTyrlleLysThirL 
ACCATATTGTTGGTCTGAACTGCGGTCGTTGGGATTACATCTTCAGCTATATCAAAACGT 
1741 

euLysAsnTyrProAspArgValLeuProAspArgGlnAlaValThrMetAspLysProP 
TGAAAAACTATCCCGATCGCGTCCTGCCAGACAGACAGGCAGTGACGATGGATAAACCAT 
1801 

heLenAsnAlaTyrSerArgLeuI*euIleLysThrCysHisIiysArgGlyAlaPheAlaM 
TCCTGAATGCTTACTCACGCCTGTTGATTAAAACCTGCCATAAACGCGGTGCTTTTGCGA 
1861 

etGlyGlyMetAlaAlaPhelleProSerLysAspGluGluHisAsnAsnGlnValLeuA 
TGGGCGGCATGGCGGCGTTTATTCCGAGCAAAGATGAAGAGCACAATAACCAGGTGCTCA 
1921 

s nLy s V a lLy s Al aAs pl*y s S e riLeuGl xiAl aAs nAs nG lyHi s AspG lyThr Trp 1 1 e A 
ACAAAGTAAAAGCGGATAAATCGCTGGAAGCCAATAACGGTCACGATGGCACATGGATCG 
1981 

laHisProGlyLeuAlaAspThrAlaMetAlaValPheAsnAspIleLeuGlySerArgli 
CTCACCCAGGCCTTGCGGACACGGCAATGGCGGTATTCAACGACATTCTCGGCTCCCGTA 
2041 

ysAsnGlnLeuGluVaiMetArgGluGlnAspAlaProIleThrAlaAspGlnlieuLeuA 
AAAATCAGCTTGAAGTGATGCGCGAACAAGACGCGCCGATTACTGCCGATCAGCTGCTGG 
2101 

laProCysAspGlyGluArgThrGluGluGlyMetArgAlaAsnlleArgValAlaValG 
CACCTTGTGATGGTGAACGCACCGAAGAAGGTATGCGCGCCAACATTCGCGTGGCTGTGC 
2161 

lnTyrlleGluAlaTrpIleSerGlyAsnGlyCysValProIleTyrGlyLeuMetGliiA 
AGTACATCGAAGCGTGGATCTCTGGCAACGGCTGTGTGCCGATTTATGGCCTGATCGAAG 
2221 

spAlaAlaThrAlaGluIleSerArgThrSerlleTrpGlnTrpIleHisHisGlnLysT 
ATGCGGCGACGGCTGAAATTTCCCGTACCTCGATCTGGCAGTGGATCCATCATCAAAAAA 
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22 81 

hrLeuSerAsnGlyLysProValThrLysAlaLeuPheArgGlnMetLeuGlyGluGliiM 
CGTTGAGCAATGGCAAACCGGTGACCAAAGCCTTGTTCCGCCAGATGCTGGGCGAAGAGA 

2341 

etLysVallleAlaSerGluLeuGlyGluGluArgPheSerGlnGlyArgPheAspAspA 
TGAAAGTCATTGCCAGCGAACTGGGCGAAGAACGTTTCTCCCAGGGGCGTTTTGACGATG 

2401 

laAlaArgLeuMetGluGlnlleThrThrSerAspGluLeuIleAspPheLeuThrLeuP 
CCGCACGCTTGATGGAACAGATCACCACTTCCGATGAGTTAATTGATTTCCTGACCCTGC 
2461 growth hormone exon 5 

roG lyTyr Ar gLeuLeuAla * * * 

CAGGCTACCGCCTGTTAGCGTAAtttgacct.gcgccttctagttgccagccatctgctgt 

tacccctccctgrtgccttcctagaccctggaaggtgccactccagtgcccaccgtccttt 
2581 

cttaataaagcggaggaaattgcatcacattgtctgagtaggtgtcattctattctaggg 
2641 • 

ggtggggtcgggcaggatagcgagggggaggattgggaagacaatagcaggggtgctgtg 
2701 

ggctctatgggtacccaggtgctgaataattgacccggttcctcctggggcagaaagaag 
2761 

caggcacatccccttctctgtgacacacccggtcctcgcccctggtccttagttccagcc 
2821 

ccactcataggacactcacagctcaggagggctccgccttcaatcccacccgc-taaagtg 
2881 

cttggagcggtctctccctctcagccaccagccgaatctaggcctccagagtgggaagaa 
2941 

tttaagcaagacaggcta-tgaagtacagagggagagaaaatgcctccaacatgtgaggaa 

gtgatgagagaaagcgtagaattagttttgtggcataaattttaaggtgactacacactt 
3061 

ggcccaactacccttgggaaatgtgtgtgtgttagtcactcagttgtgtccagctctttg 
3121 

tgaccccacggactgtggctgccaggctcctctgtccatgggattctccagggcaagaat 

actggagggggttgccattccccaggggatcttcccagcccaaggatcaaacccgagt-tt 
3241 

ctgcattgcaggcagattctttactctctgagccatcagggaagccctgtgggaaatggg 
3301 

aaccatgcaagaatggctttgggaccaataggaccagaatgtttgggatctgaactgggt 
3361 

caagagatgtggaagagagattctaaatgcatgtgttcatgctaagtggcttcagtcgtig 
3421 

tcctactatttgcaaccccgatgaactgcag 
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SEQUENCE OF THE MTAceABl GENE 

1 metallothionein promoter -a..*^ 
gaattSaaagaggaaaagtgatgaaacaaggcttggcacagactccctggtatgtaattc 

tcaggactattcaaagggaaatacccactgtcttacttcgttattggatgccagctctgc 

ccatcacttacaaggatgcttttcctagggggcatcctatgactagggaacctccatcct 

ggagccgggtggactggctaggcagtggattccctggcccattcatctattcagtcgtgg 

agaatgtaaggaaggctgggcgacagaaggctgagttcgctgctgggctgttacaggaga 
301 

aactagagactctgttcaaagtccagggtgggggctgtgggaggaaatattagggaagcg 
gg^tcgggggataggtggtgaagctcacatccatcacgggtctctgcacacgacacagg 
ggctccagccaagcctgggatgtgagcacgaggctcggattgcgcatgagctctgggaaa 
gg^gaaagcaaagacaagagttgcgggggcagggaagactgcgaggactcagggactgg 
gttcccgtaaacaccgatgactgcccacattgtggaaagctgggaaggggcgggcaggaa 
tcctggagcgctacttgrtcattcgggacaaagtccctccgcgttgggggcgagtaggggg 
acggaggcgtttcggtgcgcacggagcccagccgcgttccgggaatcttgcgctcggccg 

c^ggtgctcaccgc^ 

accctctgcgcccggcccgcctcctgtgggtataatagcgctcggctcctgggctccaac 
841 bacterial aceA sequence 

MetLysThrArgThrGlnG 

acgcctcccaccggaccagtggatcctctagagtcatcaccATGAAAACCCGTACACAAC 
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15£cctttga^tgat^ 



CGTATGACAGt;tAAriTA'iTAu^w^«n«vw*«w W 

^^^^^^^^^^^^ 

1801 _ _ _ , ^^m^^l^T^fc 




s^liuAspAspLysThrlleAlaSerPheGlnGlnGl^ 
heGlnPhelleThrLeuAlaGlylleHisS^^ 

Sccagttc^^ 

s^LTyrAlaGlnGlyGluGlyMetLysHisTyrValGluLysValGlnGlnProGluP 

acgcSgcccag^cgagggtatgaag 

2041 ... «,_^- 1 ..„»,^1.^^1„m 




2161 

GGCTCCACTCAagaatcgcaglitctaatttgacctgcgccttctagttgccagccatctg 

ctgttacccctccctgtgccttcctagaccctggaaggtgccactccagtgcccaccgtc 
2281 

ctttcttaataaagcggaggaaattgcatcacattgtctgagtaggtgtcattctattct 
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2341 

agggggtggggtcgggcaggatagcgagggggaggattgggaagacaatagcaggggtgc 
2401 

tgtgggctctatgggtacccaggtgctgaataattgacccggttcctcctggggcagaaa 
2461 

gaagcaggcacatccccttctctgtgacacacccggtcctcgcccctggtccttagt-tcc 

agccccactcataggacactcacagctcaggagggctccgccttcaatcccacccgctaa 
2581 

agtgcttggagcggtctctccctctcagccaccagccgaatctaggcctccagagtggga 
2641 

agaatttaagcaagacaggctatgaagtacagagggagagaaaatgcctccaacatgtga 
2701 

ggaagtgatgagagaaagcgtagaattagttttgtggcataaattttaaggtgactacac 
2761 

acttggcccaactacccttgggaaatgtgtgtgtgttagtcactcagttgtgtccagctc 
2821 

tttgtgaccccacggactgtggctgccaggctcctctgtccatgggattctccagggcaa 
2881 

gaatactggagggggttgccattccccaggggatcttcccagcccaaggatcaaacccga 
2941 

gtttctgcattgcaggcagattctttactctctgagccatcagggaagccctgtgggaaa 
3001 

tgggaaccatgcaagaatggctttgggaccaataggaccagaatgtttgggatctgaact 
3061 

gggtcaagagatgtggaagagagattctaaatgcatgtgttcatgctaagtggcttcagt 
3121 metal lothione in promoter 

cgtgtcctactatttgcaaccccgatgaactgcaggaattcaaagaggaaaagtgatgaa 
3181 

acaaggcttggcacagactccctggtatgtaattctcaggactattcaaagggaaatacc 
3241 

cactgtcttacttcgttattggatgccagctctgcccatcacttacaaggatgcttttcc 
3301 

tagggggcatcctatgactagggaacctccatcctggagccgggtggactggctaggcag 
3361 

tggattccctggcccattcatctattcagtcgtggagaatgtaaggaaggctgggcgaca 
3421 

gaaggctgagttcgctgctgggctgttacaggagaaactagagactctgttcaaagtcca 

gggtggggactgtgggaggaaatattagggaagcggggttcgggggataggtggtgaagc 

3541 " ' j j 

tcacatccatcacgggtctctgcacacgacacaggggctccagccaagcctgggatgtga 

3601 

gcacgaggctcggattgcgcatgagctctgggaaagggtgaaagcaaagacaagagttgc 

gggggcagggaagactgcgaggactcagggactgggttcccgtaaacaccgatgactgcc 
3721 

cacattgtggaaagctgggaaggggcgggcaggaatcctggagcgctacttgtcattcgg 
3781 

gacaaagtccctccgcgttgggggcgagtagggggacggaggcgtttcggtgcgcacgga 
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3841 

gcccagccgcgttccgggaatcttgcgctcggccgcgcgtggtgctcaccgcccgacccg . 
3 9 01 

ggtgcagcgggcagctcgggtgcaggcgggggcagaccctctgcgcccggcccgcctcct 
3961 metallothionein cap site * 

gtgggtataatagcgctcggctcctgggctccaacacgcctcccaccggaccagtggatc 

4021 bacterial aceB sequence 

MetThrGluGlnAlaThxThrThrAspGluLeuAlaPheThxAr 
ctctagagtcatcaccATGACTGAACAGGCAACAACAACCGATGAACTGGCTTTCACAAG 

GCCGTAT^CGAGCAOTAGAAGC 
4321 

^LeuLvsProAsnProAlaValLeuIleCysArgValArgGl.yLeuHisI.euProGlxiLy 
^?CAAGCCCAA?CCAGCGGTTTTGATTTGTCG^TACGCGGTCTG^ 

sHisValThrTrpArgGlyGluAlalleProGlySerLeuPheAspPheAlaLeuTyrPh 
ACATGTCAC^TGGCGTCGTGAGGCAATCCCCGGCAGCCTGTTTGATTTTGCGCTCTATTT 

elheHisAsnTyrGlnAlaLauLeuAlaLysGlySerGlyProOYrPheTyrLeuProLy 
CTTCCACAACMTCAGGCACTGTTGGCAAAGGGCAGTGGTCCCTATTTCTATCTGCCGAA 
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4921 

uProAspArgGlnAlaValThrMetAspLysProPheLeuAsnAlaTyrSerArgLeuLe 
GCCAGACAGACAGGCAGTGACGATGGATAAACCATTCCTGAATGCTTACTCACGCCTGTT 

uIleLysThrCysHisLysAxgGlyAlaPheAlaMetGlyGlyMetAlaAlaPhellePr 
GATTAAAACCTGCCATAAACGCGGTGCTTTTGCGATGGGCGGCATGGCGGCGTTTATTCC 

oSerLysAspGluGluHisAsnAsnGlnValLeiiAsnLysValLysAlaAspIiysSerLe 
GAGCAAAGATGAAGAGCACAATAACCAGGTGCTCAACAAAGTAAAAGCGGATAAATCGCT 

uGliAlaAsnAsnGlyHisAspGlyThrTrpIleAlaHisProGlyLeuAlaAspThirAl 
GGAAGCCAATAACGGTCACGATGGCACATGGATCGCTCACCCAGGCCTTGCGGACACGGC 

aMetAlaValPheAsnAspIleLeuGlySerArgLysAsnGlnLeuGluValMetArgGl 
AATGGCGGTATTCAACGACATTCTCGGCTCCCGTAAAAATCAGCTTGAAGTGATGCGCGA 

5221 

uGlnAspAlaProIleThrAlaAspGlnLeuLeuAlaProCysAspGlyGluArgThrGl^ 
ACAAGACGCGCCGATTACTGCCGATCAGCTGCTGGCACCTTGTGATGGTGAACGCACCGA 

5281 

uGluGlyMetArgAlaAsnlleArgValAlaValGlnTyrlleGluAlaTrpIleSerGl 
AGAAGGTATGCGCGCCAACATTCGCGTGGCTGTGCAGTACATCGAAGCGTGGATCTCTGG 

5341 

yAsnGlyCysValProIleTyrGlyLeiiMetGluAspAlaAlaThrAlaGluIleSerAr 
CAACGGCTGTGTGCCGATTTATGGCCTGATGGAAGATGCGGCGACGGCTGAAATTTCCCG 

qT^SerXleTrpGlnTrpIleHisHisGlnI.ysThrIieuSerAsnGlyLysProValTh 
TACCTCGATCTGGCAGTGGATCCATCATCAAAAAACGTTGAGCAATGGCAAACCGGTGAC 

rLvsAlaLeuPheArgGlnMetLeuGlyGluGluMetLysVallleAlaSerGluLeuGl 
CAAAGCCTTGTTCCGCCAGATGCTGGGCGAAGAGATGAAAGTCATTGCCAGCGAACTGGG 

5521 

vGluGlnArgPheSerGlnGlyArgPheAspAspAlaAlaArgLeuMetGluGlnlleTh 
CGAAGAACGTTTCTCCCAGGGGCGTTTTGACGATGCCGCAlCGCTTGATGGAACAGATCAC 

5581 

rThrSerAspGluLeuIleAspPheLeuThrLeuProGlyTyrAr gLeuLeuAl a* * * 
CACTTCCGATGAGTTAATTGATTTCCTGACCCTGCCAGGCTACCGCCTGTTAGCGTAAtt 

5641 growth hormone exon 5 

tgacctgcgccttctagttgccagccatctgctgttacccctccctgtgcc-ttcctagac 
5701 

cctggaaggtgccactccagtgcccaccgtcctttcttaataaagcggaggaaattgcat 
5761 

cacattgtctgagtaggtgtcattctattctagggggtggggtcgggcaggatagcgagg 

gggaggattgggaagacaatagcaggggtgctgtgggctctatgggtacccaggtgctga 
5881 

ataattgacccggttcctcctggggcagaaagaagcaggcacatccccttctctgtgaca 
cacccggtcctcgcccctggtccttagttccagccccactcataggacactcacagctca 
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